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ABSTRACT

This memorandum examines the time constraints imposed
on an astronaut when he lacks the functional capability for
ingesting water or eliminating urine during EVA. The modes and
rates of body water losses are discussed and the safe physiolog-
ical limits for dehydration and urine accumulation are defined.
These limits are:

a) 2% weight loss due to dehydration resulting in
severe thirst, elevated heart rates, and reduced
work capacity, and

b) discomfort resulting from the need to micturate
(urinate).

The results of the study indicate that Apollo EVA dur-
ation should be limited to a maximum of six hours to avoid
functional impairment due to dehydration and to minimize discom-
fort caused by strong thirst and the need to micturate. If
1-2% body weight loss to water experienced in earlier Apollo
flights is anticipated prior to EVA, the duration of EVA should
not exceed the four-hour period demonstrated to be attainable on
Apollo 12. Extension of EVA time beyond these limits does not
appear feasible unless arrangements are provided for water
ingestion and urine collection in the EMU during lunar surface
excursions.
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MEMORANDUM FOR FILE

INTRODUCTION

Included in the constraints which may be time-
limiting during lunar surface extravehicular activity are
physiological concerns with regard to dehydration and urine
elimination (micturation). While the EMU is designed to
accommodate provisions for water ingestion and elimination
during pressurized suit operations, maintenance of pressure
integrity and comfort have mitigated against using the
devices provided for intravehicular use to supply water and
collect urine during EVA.

This memorandum examines the effects of denying
these functions to the extravehicular astronaut. The find-
ings are considered preliminary because subject variability
and non-linearities in some water loss modes have not been
considered fully in the quantitative data.

DISCUSSION

About 90% of the crewmembers' water requirement is
supplied by direct ingestion. The remaining 10% is obtained
as a by-product of food oxidation. The amount of water
ingested directly is influenced by diet, opportunity, environ-
ment and individual preference. Water is retained as needed
to establish a suitable water/electrolyte balance in the
body. Reliance on the thirst mechanism for regulating water
intake, especially where supplies are limited, usually results

in voluntary dehydration.

Excessive water losses were common during early
space flights when sweat losses were heavy. It became neces-
sary, therefore, for Medical Operations to program the flight
crews' water intake. Programmed ingestion under control of
the astronaut is still followed on Apollo flights. Despite
this measure, crew weight losses during the Apollo VII and
VIII flights ranged from 2.8 to 6.4 percent. The average
weight loss was 4.5% for the six crew members. The amount
of actual body water lost is uncertain. Fluid intake by the
Apollo VII and VIII crews during .the first 24-hours after
recovery restored, on the average, only one-third of the

Eotal weight loss.2 This suggests that the extent of
dehydration was within the range of 1-2% of total body weight.
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Programmed ingestion of water in small amounts, at
frequent intervals, is recommended over infrequent ingestion of
large amounts (e.g. 1 to 2 liters). While the intake of a large
amount of water at one time will reduce physiological strain
during stress from heat or high work loads, it may cause
excessive water loss (diuresis). Diuresis will result in a
net loss of body water by the end of the EVA. Ingestion of
large amounts of water at one time also may provoke gastric

. 1
distress and nausea.
The avenues of water loss are:

a. defecation
b. micturation
c. sensible (i.e. visible) perspiration, and

d. insensible water from the lungs and skin.

The estimated total water loss in pounds and as a
percentage of total body weight during lunar EVA is shown in
Figure 1 as a function of EVA duration. Water loss to
defecation is not shown. This loss is approximately equal to
metabolic production (about 10%) and is less than the probable
error in the overall summation.

Micturation loss normally averages about 1500 ccs/day.
Nominal values range from 1200 to 1800 ccs/day. Wider varia-
tions are possible ranging from 400 cc/day (the minimum required

for adequate elimination of waste)3 to more than 4000 ccs/day

(after ingesting large quantities of liquids).l Urine output
normally is reduced as dehydration is increased. Production

is approximately halved if body dehydration is about 2%. It
approaches asymptotically the minimum amount needed to eliminate
waste from the kidneys (i.e. 400 cc/day) when body dehydration

approximates 5-6 percent.4 This non-linearity is not reflected
in Figure 1.

The urge to micturate occurs when about 300 cc's have

accumulated in the bladder.5 As shown in Figure 1, the mic-
turation urge will occur about 4.8 hours into the EVA at the
nominal accumulation rate of 1500 cc's/day. The urge may occur
as early as 4 hours or as late as 6 hours for the nominal range
of accumulation rate values. The urine accumulation which will
cause painful discomfort is not known by the writer. If it is
postulated that an accumulation of 450 cc's results in extreme
discomfort and that this condition is acceptable only in case
of contingency, then the emergency time-in-suit limit for
withholding micturation ranges from 6 to 9 hours.
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Sweat losses are shown on Figure 1 at the design maxi-
mum rate (130 gms/hr) permissible in accordance with the EMU
specifications. Based on experimental data, these rates may be
realized by a man working at 1000 Btu/hr near the high tempera-
ture boundary of the comfort zone. While this sweat rate is
representative of a worst case condition, the demonstrated fact
that the crewmember is a poor judge of thermal comfort and,
therefore, provides very coarse control of the Apollo EMU ther-
mal control system, establishes that this worst case condition
is real. Variations in metabolic rate from 500 to 2000 Btu/hr
can result in variations in sweat rate from 20 to 300 gms/hr
along the high temperature boundary of the comfort zone. The
design of the EMU does provide for regulating the thermal control
subsystem to maintain sweat rate at or below the specification
limit over most of the 500-2000 Btu/hr range. Accordingly,
operational procedures can be implemented to reduce body dehydra-
tion due to water loss from sweating. For the purposes of this
study, a sweat rate of 130 gms/hr appears to be a reasonable
assumption as an upper limit for a crewmember whose average work-
load approximates 1000-1200 Btu/hr over the EVA period.

Insensible water loss is commonly defined as non-visible
moisture loss from the lungs and skin by the processes of vaporiz-
ation and diffusion. Insensible moisture loss varies inversely
with ambient total pressure and vapor pressure. At the hypobaric
suit pressure of 3.75 psia, insensible water loss from the lungs
and skin will exceed normal losses (at one atmosphere) by a factor
of 4 or more for the same temperature and workload conditions.
Under constant environmental conditions, insensible water loss from
the skin is essentially invariant. However, lung water loss varies
directly with workload since respiration rate increases linearly
with metabolic rate.

It is assumed also in Figure 1 that the astronauts have
emptied their bladders and are not dehydrated at the beginning of
EVA. If these assumptions are valid, the crew should be able to
work extravehicularly in a pressurized suit for a maximum of six
hours before thirst* and the need to micturate make it necessary
to terminate the EVA. If, however, they experience the 1-2% dehy-
dration common to crews on earlier flights, their desire for water
and considerations of fatigue and safety argue for terminating
each EVA at four hours as demonstrated on Apollo 12.

*Both Apollo 11 and 12 crewmembers mentioned being very
thirsty at the end of their 3-4 hour EVAs.
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Some effects of_dehydration up to 5% (not indicated on
Figure 1) are as follows:

1-3% Higher heart rate in submaximal work and decreased
time to exhaustion at maximal work.

4-5% Deteoriation of isometric muscle strength; economy
of movement, weariness, apathy, nausea and emotional
instability.

SUMMARY AND CONCLUSIONS

Assuming no urine accumulation at the start of EVA, the
results of the study indicate that extravehicular crewmembers,
working at 1000-1200 Btu/hr and operating near the high temperature
boundary of their comfort zone, will reach the physiological
limit(s) for:

a) dehydration and micturation in a maximum period of
six hours if they are not dehydrated when EVA is
initiated, and

b) dehydration in three or less hours if they have
experienced the 1-2% inflight dehydration commonly
noted on past Apollo flights.

Based on the results of this analysis, Apollo EVA duration
should be limited to a maximum of six hours to avoid deleterious
effects of excessive dehydration (>2%) and to minimize astronaut
discomfort caused by strong thirst and the need to micturate. If
1-2% body weight loss to water is anticipated during the flight to
the moon, maximum EVA duration should be limited to four hours to
insure acceptable crew performance and safety. Extension of EVA
time-in-suit limits beyond six hours does not appear feasible un-
less arrangements are provided for water ingestion* and urine
collection in the EMU during lunar surface excursions.

The current program for frequent ingestion of small amounts
of water by Apollo crews should be continued with special emphasis
given during training and flight operations of the need to avoid
inflight dehydration and the risk of diuresis.
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Figure 1

*A drinking water supply containing about one pint is under
development bg MSC/CSD for EVA use. Earliest effectivity will
be Apollo 13



BELLCOMM, INC.

References

Roth, E. M., Section 15 - Water in "Compendium of Human
Response to the Aerospace Environment." NASA CR 1205 (III),
Washington, D. C., November 1968.

Berry, C. A., Preliminary Clinical Report of the Medical
Aspects of Apollos VII and VIII, Aerospace Medicine,
March, 1969.

Selkurt, E. E., Physiology, Little, Brown & Co., Boston,
Mass., 1963.

Webb, P., Bioastronautics Data Book, NASA SP-3006,
Washington, D. C., 1964,

Steen, E. E., and Montague, Anatomy and Physiology (Vol. 2),
Barnes & Noble, Inc., New York, 1963.

Performance Design and Product Configuration Requirements,
Extravehicular Mobility Unit (Rev. A) Master End Item
Specification CSD-A-096, Houston, Texas, May 7, 1968.

Benjamin, P., Estberg, D. G., & Slaybaugh, J. C., Highlights
of the 22nd LSOP Meeting of December 12, 1969, Bellcomm
Internal Memorandum, December 15, 1969.



VA3 30V4HNS HYNNT ONIYNA SSOT HILVM AI10134d - L 3NOI4’

(SHNOH) IWIL

(LSHIHL) %L

LAYNOYLSY 871 0SL STANSSY»

Y SSO7 1V10L,
(LSHIHL P 104
.
ONOULS) %z _ NOILYHOAH3Q - LIWIT 3ONVINHOI43d €.
©
7
7 ,
NOLLVIHVA B INTVA
\ NVY3W - 3LVHNLOIN OL 394N, 4,
. AGNLISSIHL O
OILVHINIONOD. ssn ©
aoo19) ! % |- ‘
NOILOIA3Hd HH/N18 009L
‘*HH/NL18 00ZL - 000L = 31VH DITOGVLIN
S
%) (sam)
~ SSO1 . 8SO1
‘LM AQOsg *1M AQOS




BELLCOMM, INC.

Subject: Preliminary Evaluation of Water From: T. A. Bottomley
Loss Effects During EVA -
Case 320

Distribution List

NASA Headquarters

R. Hessberg/MM

J. W. Humphreys/MM

T. A. Keegan/MA-2

C. H. King/MAT

B. Milwitzky/MAL

A. F. Phillips Jr./MAT
W. E. Stoney/MA

MSC

L. E. Bell/EC

C. A. Berry/DA

H. R. Hair/DA2

W. H. Huffstetler/EC
G. F. Humbert/DD5

J. P. Loftus/PD

R. E. Mayo/EC

E. Michel/DB2

C. H. Perrine/PD

R. E. Smylie/EC

Bellcomm, Inc.

A. P. Boysen Jr.
D. R. Hagner

B. T. Howard

D. B. James

A. N. Kontaratos
K. E. Martersteck
J. 2. Menard

P. E. Reynolds
I. M. Ross

P. F. Sennewald
W. B. Thompson
J. W. Timko

R. L. Wagner

M. P. Wilson

Department 1024 File
Department 2032
Library

Central File



